This study aimed to evaluate the variation associated with repeated measurement of gastrointestinal (GI) transit times and the effect of oral ranitidine on GI transit times in healthy dogs using a wireless motility capsule (WMC) system. Eight privately owned healthy adult dogs were enrolled, and one developed diarrhea and was removed from the study. For the first 3 repetitions, each dog was fed a standard meal followed by oral administration of a WMC. For the 4th repetition, each dog was given ranitidine hydrochloride (75 mg PO every 12 hours) prior to and during assessment of GI transit times. Mean between-subject coefficients of variation for gastric emptying time (GET), small and large bowel transit time (SLBTT), and total transit time (TTT) were 26.9%, 32.3%, and 19.6%, respectively. Mean within-subject coefficients of variation for GET, SLBTT, and TTT were 9.3%, 19.6%, and 15.9%, respectively. Median GET, SLBTT, and TTT without ranitidine were 719, 1,636, and 2,735 minutes, respectively. Median GET, SLBTT, and TTT with ranitidine were 757, 1,227, and 2,083 minutes, respectively. No significant differences in GI transit times were found between any of the 4 repetitions. Under these experimental conditions, no significant effects of oral ranitidine on GI transit times were observed.
Introduction
Although several techniques for assessing canine gastric emptying time (GET) have been reported, each of these has limitations [1] . Nuclear scintigraphy is currently considered to be the gold standard method for assessing GET in both humans [2] and dogs [1] . The radiopharmaceutical agents used for nuclear scintigraphy mix readily with the test meal, allowing this technique to provide a representative assessment of solid-phase gastric emptying. The need for specialized equipment, safety issues, and legislative implications of using a radioisotope means that this technique is rarely applied in clinical practice. Radiographic assessment of the exit of a barium based contrast agent from the stomach has also been used to assess canine gastric emptying [3, 4] . However, barium is not physically or chemically similar to the diet of a dog and separates from foodstuffs even when mixed with a meal. Consequently, this technique may not accurately reflect solid-phase gastric emptying. Bariumimpregnated spheres may also be used to assess GET and may serve as a more representative marker than liquid barium [5, 6] . However, there are important differences in the rate and pattern of canine solid-phase gastric emptying of a radiolabeled meal as measured with barium-impregnated spheres and nuclear scintigraphy [5] . The utility of abdominal ultrasound for assessment of canine GET has been evaluated [7, 8] . This technique avoids the use of ionizing radiation, but it is time consuming and operator dependent. A 13 C-octanoic acid breath test has been described for the assessment of canine GET [7, 9] . This technique does not involve ionizing radiation, and the breath samples collected could be analyzed at a distant reference laboratory. However, currently the effects of intestinal and hepatic disease on the performance of this test are not known.
Canine small intestinal, large intestinal, and whole gut transit times have been assessed by feeding dogs radiopaque markers and taking serial radiographs [10, 11] . However, techniques to quantitatively assess canine small intestinal and colonic motility are not routinely used in a clinical setting.
The SmartPill pH.p wireless motility capsule (WMC) system (SmartPill Corp., Buffalo, USA) measures pH, pressure, and temperature as it passes through the gastrointestinal tract. This data is transmitted wirelessly to a receiver allowing GET, small and large bowel transit time (SLBTT), and total GI transit time (TTT) to be calculated [12] . Gastric emptying of the WMC is indicated by a rapid increase in gastric pH. In humans, this system has also been validated for measurement of small intestinal transit time (STT) and colonic transit time (CTT) [13] . Transit of the WMC from the small intestine to the large intestine is indicated by a gradual decrease in pH and an alteration in the character of the pressure profile. Although these characteristic changes are often present in WMC system recordings from dogs, it has not been proven that the changes in pH and pressure waveform described above coincide with passage of the WMC from the small intestine to the large intestine in this species. This system has been shown to be a safe technique to assess GI transit times in dogs with body weights as low as 19.6 kg [14] . GETs measured by this technique correlate well with those (r = 0.76) measured by scintigraphy in healthy dogs [15] . Also, this system has the advantage of allowing GI transit times to be assessed in ambulatory patients in their home environments.
The variance of a set of data made up of serial results from a group of subjects is derived from the following components: preanalytical influences, analytical variation, and inherent biological variation. Biological variation is comprised of between-subject variation and within-subject variation [16] . When designing experiments such as assessing the effects of interventions, including therapies, it is important to consider all of these sources of variation. These sources of variation may limit the ability of tests of GI motility to distinguish between healthy and diseased patients or to detect the effect of interventions. The within-subject variation associated with measurement of GETs using this WMC system was recently shown to be equivalent to that measured by scintigraphy in healthy research dogs [17] . The variation associated with repeated measurement of intestinal transit times in privately owned dogs kept in the home environments has not previously been studied using this system.
Ranitidine is a histamine-2 receptor antagonist that suppresses histamine-stimulated gastric acid secretion [18] .
Ranitidine also has an acetyl-cholinesterase inhibitor effect and consequently a prokinetic effect on GI smooth muscle [19, 20] . This drug has been shown to increase in vivo gastrointestinal motility dogs [21] . However, in humans, one study failed to find a significant effect of ranitidine on GET [22] , while others found that ranitidine decreased GET [23] [24] [25] . A recent study failed to find a significant effect of ranitidine on GET in horses [26] . To the authors' knowledge, the effect of ranitidine on GET and other GI transit times in dogs has not previously been reported.
The first objective of this study was to assess the variation associated with repeated measurement of GI transit times in privately owned healthy adult dogs in their home environments using this WMC system. The second objective was to assess the effect of oral ranitidine on GI transit times in the same group of dogs using this WMC system.
Materials and Methods

Animals.
Eight privately owned healthy adult dogs were enrolled in this study. The health of each dog was assessed using an owner questionnaire, a physical examination, a complete blood count, a serum biochemistry panel, and determination of serum pancreatic lipase concentration by Spec cPL ELISA Test (IDEXX Laboratories, Westbrook, USA), serum trypsin-like immunoreactivity concentration by RIA (Siemens Healthcare Diagnostics, Deerfield, USA), and serum folate and cobalamin concentrations using automated Immulite 2000 chemiluminescent assays (Siemens Healthcare Diagnostics, Deerfield, USA).
Inclusion criteria for the study were being 10 months of age or older and having a body weight greater than 20 kg. Dogs were excluded from the study if they had any ongoing disease or clinical signs of disease, if they had a history of past illness that was likely to be chronic, if they were currently receiving any medications other than routine prophylactic drugs, if they had any clinically important abnormalities on physical examination, or if they had any clinically important abnormalities noted after performing the blood tests above.
The study was approved by the Texas A&M University Veterinary Medical Complex Clinical Research Review Committee, and informed owner consent was obtained for the enrollment of all the dogs.
Measurement of GI Transit Times.
At least 2 weeks prior to entering the study, dogs were transitioned from their usual food onto Purina EN Gastroenteric Canine Formula dry dog food (Nestlé-Purina PetCare Co., St. Louis, USA), a commercially available easily digestible complete dry food. This diet and water were fed exclusively during the study with no treats allowed. Prior to testing, the amount of dry food fed to each dog was left at the owner's discretion.
Each dog was tested on 4 occasions, approximately 1 week apart. Prior to each repetition, food but not water was withheld from the dogs for 12 hours. The following morning, the dogs were fitted with a vest containing the data receiver and were then fed a test meal of 185 g (approximately 705 kilocalories) of the dog food above. Immediately after the meal had been consumed, the WMC was administered orally to the dog. The WMCs weighed 4.0 g and are cylindrical in shape measuring 26 mm in length and 13 mm in diameter ( Figure 1) . The dog was then given the opportunity to drink up to 500 mL of water. The owner then took their dog home and was instructed to withhold water for 4 hours and food for 24 hours after administration of the WMC, not to let their dog swim, and not to vigorously exercise their dog. A diary of events such as meals, consumption of water, defecation, exercise, and passage of the WMC in the dog's feces was kept by the owner of the dog.
To assess the variation associated with repeated measurements of GI transit times, the first 3 repetitions were performed without administering ranitidine. For the 4th repetition, each dog was administered 2 mg/kg (rounded up or down according to the available tablet sizes) of ranitidine hydrochloride (Zantac, Boehringer Ingelheim Corp., Ridgefield, USA) PO every 12 hours, starting 48 hours prior to administration of the WMC. The ranitidine was continued as above until the WMC was passed in the dog's feces.
MotiliGI version 2.2 software (SmartPill Corp., Buffalo, USA) was used to analyze the data and calculate the following GI transit times: GET, STT, LTT, SLBTT, and TTT. The median pH in the stomach, small intestine, and colon was also calculated.
Statistical Analysis.
Data were tested for normality by performing Kolmogorov-Smirnov tests while keeping in mind limitations of the test due to small sample size. Numerical data were described by the median followed by the range in parentheses. Between-subject and within-subject coefficients of variation (% CV) were calculated for GET, STT, LTT, SLBTT, and TTT for the first 3 time points. GI transit times and pHs for each anatomical region over the 4 time points were compared using repeated measures ANOVA or Friedman's tests if the data was parametric or nonparametric, respectively. Where significant differences between any time points were identified, post hoc testing was performed using Bonferroni's multiple comparisons tests or Dunn's tests if the data was parametric or nonparametric, respectively. Statistical significance was defined as P < 0.05. Prism version 5 (GraphPad Software Inc., San Diego, USA), a commercially available statistical software package, was used for all statistical calculations.
Results
Eight dogs were enrolled, 6 were female spayed, and 2 were male neutered. The median age of the dogs was 1.75 years (10 months to 11 years). Five of the dogs were of mixed breed, and there was one of each of the following breeds: Flatcoated Retriever, German Shepherd, and Golden Retriever. The median body weight of the dogs was 29.1 kg (22.1 to 41.0 kg). The median dose of ranitidine given was 2.6 mg/kg (1.8 to 3.4 mg/kg) PO every 12 hours.
A sharp rise in pH indicating exit of the WMC from the stomach was identified in each experiment. In 31/32 repetitions, it was possible to detect changes in pressure and pH consistent with passage of the WMC from the small intestine into the colon. Where the dog's owner observed passage of the WMC in the feces, it coincided with defecation of the WMC as calculated by observation of a rapid temperature change ( Figure 2 ).
An 18-month-old female spayed mixed breed dog developed acute diarrhea during the third repetition, 13 hours after ingestion of the WMC. Oral ranitidine had not been given at the time, and the diarrhea resolved quickly without treatment. The intestinal transit times but not the GET of the WMC in this repetition were notably faster than for all other repetitions. For this repetition, it was not possible to locate the time at which this WMC passed from the small intestine into the large intestine. As this dog was not considered to be healthy at this point in time, it could not be used to assess variation in GI transit times for healthy dogs. It was not possible to remove just this repetition and analyze the data with repeated measures ANOVA or Friedman's test, so the GI transit times, rates of contraction, and intestinal pH for all 4 repetitions from this dog were removed from the analysis. The authors thought it was unlikely that gastric pH would be affected by acute diarrhea, so this data was included in the analysis. No other potential adverse events occurred during the study.
The between-subject % CV before treatment with ranitidine for GET, STT, LTT, SLBTT, and TTT was 26.9%, 29.2%, 35.4%, 32.3%, and 19.6%, respectively. The withinsubject % CV before treatment with ranitidine for GET, STT, LTT, SLBTT, and TTT was 9.3%, 24.8%, 20.5%, 19.6%, and 15.9%, respectively ( Table 1) .
The median (range) GET, STT, LTT, SLBTT, and TTT before treatment with ranitidine were 719 minutes (622-1,320 minutes), 183 minutes (92-290 minutes), 1,398 minutes (644-2,445 minutes), 1,636 minutes (746-2,588 minutes), and 2,735 minutes (1,898-3,296 minutes), respectively. The median GET, STT, LTT, SLBTT, and TTT during treatment with ranitidine were 757 minutes (628-1,128 minutes), 162 minutes (86-215 minutes), 1,140 minutes (342-2,481 minutes), 1,227 minutes (490-2,634 minutes), and 2,083 minutes (1,248-3,262 minutes), respectively. No significant differences in GET, STT, LTT, SLBTT, or TTT were found between any of the 4 time points (Table 1, Figure 3 ). The GET, SLBTT, and TTT for the dog that developed acute diarrhea before treatment with ranitidine were 979 A representative WMC system recording from a healthy dog prior to treatment with ranitidine. The pH trace is shown in green, the pressure trace in red, and the temperature trace in blue. Gastric emptying is indicated by a rapid and sustained increase in pH (a) at 12 hours and 21 minutes, assumed passage of the WMC from the small intestine to the large intestine is represented by the onset of a gradual pH decrease and a change in the character of the pressure trace (b) at 15 hours and 14 minutes, and body exit of the WMC is marked by a sharp decrease in temperature (c) at 46 hours and 6 minutes. Table 1 : Summary of GI transit times in healthy dogs measured using the WMC system before and during treatment with ranitidine. % CV = coefficient of variation. Between-subject and within-subject coefficients of variation were calculated based on measurements taken prior to treatment with ranitidine. P values are for testing the null hypothesis that transit time does not differ among the 4 repetitions (3 before treatment with ranitidine and the 4th during treatment with ranitidine). * : nonparametric data, transit times for the 4 repetitions were compared using a Friedman's test; * * : parametric data, transit times for the 4 repetitions were compared using a repeated measures ANOVA.
Transit time
Between-subject % CV Within-subject % CV Median before ranitidine The median gastric pH, small intestinal pH, and large intestinal pH before treatment with ranitidine were 1.6 (0.9-2.7), 7.6 (7.3-8.2), and 5.7 (4.9-7.3), respectively. The median gastric pH, small intestinal pH, and colonic pH during treatment with ranitidine were 3.3 (1.5-3.8), 7.5 (7.3-8.1), and 6.0 (5.3-6.5), respectively. Gastric pH was significantly lower for all 3 repetitions prior to treatment with ranitidine than for the repetition during treatment with ranitidine (P < 0.001 for post hoc testing between each of the 3 time points prior to treatment and the time point during treatment; Figure 4) . No significant differences between any of the 4 repetitions were found for small intestinal pH (P = 0.7553) or colonic pH (P = 0.6621).
Discussion
This WMC system is an easy-to-use, ambulatory, nonradioactive method for assessing GI transit times in dogs weighing more than 20 kg. Measurements of the GI transit times made using this system were subject to considerable between-subject and within-subject variation. Under these experimental conditions, no statistically significant effects of oral ranitidine on GI transit times were found. However, ranitidine caused a significant increase in gastric pH. No significant effects of ranitidine on small intestinal pH, or colonic pH, were found.
The measurements of GI transit times undertaken in this investigation were subject to considerable between-subject and within-subject variation. For example, the betweensubject and within-subject % CV for TTT were 19.6% and 15.9%, respectively. The between-subject % CV for each transit time was higher than the within-subject % CV. It seems intuitive that there will be more variation associated with measurement of GI transit times among different dogs than with repeated measurements from the same dog. A previous study using 6 research dogs kept in a controlled environment found that the within-subject variation associated with repeated measurement of GETs using this WMC The first 3 repetitions (circles) are before treatment with ranitidine, the 4th repetition (triangles) is during treatment with ranitidine, and gastric pH was lower for all 3 repetitions before treatment with ranitidine than the repetition during treatment with ranitidine (P < 0.001).
system were equivalent to that associated with measurement using nuclear scintigraphy [17] . The within-subject % CV for GET from the above study was 7.8%, which is similar to but slightly lower than the % CV of 9.3% from our study. This difference could be due to chance associated with the small number of dogs in both studies. However, as our study used privately owned dogs in their home environment rather than research dogs in a controlled environment, greater withinsubject variation might be expected. Although owners were asked not to exercise their dogs vigorously during testing, the physical activity of the dogs in this study was not standardized. This could have led to increased variation in transit times as exercise has been shown to reduce GI motility [27] . Owners were asked to keep a diary of events such as exercising their dogs; however, insufficient detail was provided to allow investigation of the effect of exercise. As the within-subject mean % CV of dogs in our study was similar to that of the aforementioned group of dogs kept in a controlled environment [17] , the effect on within-individual variability in GET was relatively minor. Furthermore, the fact that the variation associated with measurement of GET of privately owned dogs in their home environments was similar to that of dogs kept in a controlled environment is encouraging as it means the technique may be applicable to canine patients with a suspected GI motility disorder kept in their home environments. Stress has been shown to decrease GI motility in dogs [28] , so if GI motility is to be assessed on a clinical rather than research basis, it would be preferable for the patient to be kept in their home rather than in the hospital environment during assessment. This WMC system is unique among techniques to assess GI transit times in that this is possible. The within-subject % CV associated with transit times involving the intestines (STT, LTT, SLBTT, and TTT) tended to be greater than those for GET. One factor that could contribute to the variation associated with measurement of LTT, SLBTT, and TTT is that defecation of the WMC is under voluntary control. The timing when these privately owned dogs were placed in a situation where they perceived it to be acceptable to defecate (as compared to dogs housed in a research facility) could have been an additional source of variation. The data from this study will be useful for calculating the sample sizes needed to achieve adequate statistical power in future studies using this system.
The median GETs calculated in our study and previous studies using this WMC system [14, 17] were longer than those previously reported using other techniques. For example, the median time for 95% a labelled meal to be emptied from the stomach of 27 dogs measured by nuclear scintigraphy was 148 minutes [29] , whereas the median GET in our study was 719 minutes. This is not unexpected as the emptying of liquids from the stomach occurs before that of digestible solids, and once the digestible solids in the stomach have been triturated and emptied, large indigestible solids are emptied by interdigestive motor complexes [30] . The WMC used in this study is an indigestible solid and so exits the stomach after liquids and digestible solids. In humans, gastric emptying of WMCs has been shown to coincide with the onset of phase III migrating myoelectrical complexes in the interdigestive period [31] . Nuclear scintigraphy measures the time it takes for a proportion (usually 50% or 90%) of a test meal comprised of digestible solids to be emptied from the stomach, and so GET measurements using this technique will be shorter than those made with the WMC system. However, in humans [12] and dogs (abstract by Andrews et al. [15] ), GETs calculated using this system correlate with those calculated by nuclear scintigraphy. Consequently, although GETs measured using the WMC system are longer than those measured with scintigraphy, they may provide a similarly useful measurement. Indeed, in humans, this WMC system has been shown to have a diagnostic accuracy similar to that of nuclear scintigraphy for discriminating between patients with normal and delayed gastric emptying [12] . It is not currently known if the WMC system is as accurate as scintigraphy for diagnosing delayed gastric emptying in dogs, but this is worthy of future study.
An advantage of the WMC system over other techniques for assessment of GET is that it allows calculation of intestinal transit times. In humans, this WMC system has been validated for assessment of passage of the WMC from the small intestine to the large intestine and therefore for calculation of STT and LTT [13] . A gradual decrease in intestinal pH and alteration in pressure waveform indicating movement of the WMC from the small intestine into the large intestine was identified in 31/32 repetitions in this study, so it seems highly likely that the system can be used to measure STT and LTT in dogs. However, to the authors' knowledge, studies proving that these characteristic changes in pressure and pH coincide with movement of the WMC from the small intestine into the colon have not been performed in dogs. Therefore, readers should interpret data that is broken down into small intestine and colon in this paper cautiously.
To the authors' knowledge, the effect of ranitidine on GET in dogs has not previously been investigated. Under these experimental conditions, no statistically significant effects of oral ranitidine on GI transit times were found. Therefore, three possibilities must be considered. Firstly, it is possible that although ranitidine has previously been shown to increase canine GI motility in vivo [21] , this drug does not have an effect on GI transit times because the increase in motility is insufficient to affect transit times. In humans, one study failed to find a significant effect of ranitidine on gastric emptying time [22] , while others found that ranitidine decreased GET [23] [24] [25] . Secondly, this lack of a significant difference could be due to type II error, that is, ranitidine does make a difference, but the sample size in this study was too low to allow its detection. This study only used 8 dogs (the data from 1 of which was excluded from the analysis due to the development of acute diarrhea), and as previously discussed, the measurements of GI transit times were subject to considerable variation. However, there was no apparent trend towards being a treatment effect in the data. Finally, it may be that although ranitidine did not make a difference to GI transit times under these experimental conditions, under different experimental conditions, or in a different group of dogs, a treatment effect may have been observed. Healthy dogs were used in this study, and one could hypothesize that in order to determine whether or not a drug has a prokinetic effect, it will be more representative to test its effect on dogs with decreased GI motility. Another potentially important factor is the dose of ranitidine. The median dose of ranitidine given was 2.6 mg/kg PO every 12 hours with a range of 1.8 mg/kg to 3.4 mg/kg, which is close to the labeled dose of 2 mg/kg PO every 12 hours. It is possible that if a higher dose of ranitidine had been used, there would have been a detectable decrease in GI transit times. In conclusion, although no significant effects of ranitidine were observed in this study, the authors cannot reject the hypothesis that oral ranitidine decreases GI transit times in dogs.
Ranitidine caused a modest but statistically significant increase in gastric pH. No significant effect of ranitidine on small intestinal or colonic pH was detected. This is not unexpected as ranitidine is a histamine-2 receptor antagonist and therefore decreases the production of acid by the oxyntic cells in the gastric glands. The efficacy of ranitidine for increasing gastric pH in dogs is controversial; one previous study found that ranitidine increases gastric pH in healthy dogs [32] , while another found that ranitidine did not have a significantly different effect on gastric pH to saline when given IV [33] . It is important to state that our study was not designed to test the efficacy of ranitidine for the suppression of gastric acid production. The effect of ranitidine on gastric pH was not great enough or long lasting enough to prevent the WMC system from detecting movement of the capsule from the stomach into the duodenum.
One dog developed self-limiting acute diarrhea 13 hours after administration of the WMC. It seems unlikely that this was related to the test procedure. Interestingly, a 7-year-old female neutered, mixed breed dog, weighing 33.0 kg, that was part of a pilot study retained a WMC in her stomach for over 72 hours. Emesis was induced, by administering 0.02 mg/kg of apomorphine hydrochloride (Professional Compounding Centers of America, Houston, USA) compounded as 2 mg/mL solution IV, resulting in successful recovery of the WMC. To the author's knowledge, this is the first dog in which a gastric retention of a WMC has occurred. This dog was free from clinical signs, and no significant abnormalities were found on physical examination. Other studies using this WMC system have used dogs weighing as little as 19.6 kg. The WMC measures 26 mm in length and 13 mm in diameter, and so its administration to smaller patients or those with suspected mechanical obstruction of their GI tract is contraindicated. However, based on our experiences with this dog, WMC retention is still a risk in healthy dogs weighing more than 30 kg.
This study is subject to several limitations. Firstly, only 8 dogs were enrolled, one of which was removed from analysis due to the development of acute diarrhea. This may have led to insufficient power to detect an effect of ranitidine on GI transit times. Using a mean GET of 719 minutes, a standard deviation of 214 minutes, and a type I error rate of 5%, it is estimated that a sample size of 52 dogs in the control group and 52 dogs in the treatment group would be needed to have an 80% chance of detecting a 100-minute difference in GET between the groups. We only enrolled 8 dogs in this study due to cost. Additionally, at the time the study was designed, the data needed to perform sample size calculations for this technique had not been published. A period of acclimatization prior to the test procedure was not used to decrease patient stress. This could have increased the stress of the dogs, adversely affecting GI motility. However, the patients were sent home after being given the WMC and all tolerated wearing the receiver well, so the stress was minimized. Additionally, as ranitidine was given at the final test point, the dogs would be expected to have acclimatized by this time increasing the chances of detecting a treatment effect. Positive and negative controls were not used during the study. However, the authors do not consider it to be ethically acceptable to use a drug to cause GI stasis in privately owned dogs, and the dramatically Veterinary Medicine International 7 increased rate of GI transit seen in the dog that developed diarrhea demonstrates that this method can detect the effects of increased GI motility.
Conclusions
The WMC system used in this study is a useful method for assessing canine GI transit times in medium to large breed dogs. The system is easy to use and can be performed on ambulatory dogs in their home environments. However, even in healthy dogs weighing more than 30 kg, WMC retention is a risk. Considerable between-subject and withinsubject variation in GI transit times occur in privately owned healthy dogs kept in their home environments. This study showed that the within-individual variation of GET in healthy privately owned adult dogs kept in their home environments was comparable to that previously reported in healthy research dogs kept in a controlled environment [17] . Although no significant effects of oral ranitidine on GI transit times were observed in this study, the authors cannot reject the hypothesis that oral ranitidine decreases GI transit times in dogs. The effect of higher doses of ranitidine and the effect of this and other prokinetic drugs on dogs with decreased GI motility are worthy of further study. Because of between-individual and within-individual variation in GI transit times, future studies need to have relatively large sample sizes.
